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Figure S1 with AQUA mass-spectrometry for AREL1, as in Figure 1C , but using Ub K11R (K6-linkage was excluded from the quantitative analysis due to the K11R substitution). A) Crystal structure of K33-linked diUb. The four individual diUb molecules from the asymmetric unit (ASU) are shown superimposed. The isopeptide bond is shown in ball and stick representation, as is the C-terminus of the proximal moiety. (Insert cartoon) the Ile36 patch (green) is at the center of the two-fold pseudo-symmetry of the K33 diUb structure and makes the Ile44 patch (blue) appear as a continuous surface across the two Ub moieties. B) 2|Fo|-|Fc| electron density, contoured at 1 σ, for the isopeptide linkage in K33linked diUb. Linkage residues are shown in ball-and-stick representation with red oxygen and blue nitrogen atoms. C) Structure of K33-linked triUb. The asymmetric unit contains one Ub and two neighboring ASUs are shown. A K33-linked isopeptide bond can only extend between these symmetry-related molecules. As a comparison, equivalent Ub moieties are shown for monoUb, crystallized in the same space group (1ubq {VijayKumar:1987wy}) and are shown superimposed in shades of grey. Residues corresponding to the Ub Cterminus are shown as sticks for both monoUb and K33 triUb. D) Close-up view of the proximal K33 and the C-terminus of the distal Ub moiety. A weighted 2|Fo|-|Fc| electron density map is shown, contoured at 0.8 σ (blue) and a weighted |Fo|-|Fc| difference map showing positive density (green) is shown, contoured at 2.9 σ. Owing to the flexibility of the C-terminus lack of contiguous electron density in this region, no residues were modeled into the density. and NZF3 from different species. Ser20 in NZF1 is replaced with Arg or Lys NZF2/3, explaining why these NZF domains cannot bind the proximal Ub in an analogous fashion to NZF1. See Figure 6E where the NZF1 S20R mutant is tested in pull-down analysis. F) A table with best-fit binding parameters from the SPR data for the different NZF1 constructs to K29-and K33-linked diUb are shown. N.D. denotes that no binding could be detected. All data was fitted to a one-site binding model, except for the wt and Y15F constructs that were better described by a two-site binding model (see Supplementary Experimental Procedures) and have thus two indicated K d s. Talon resin for initial affinity purification, followed by 3C cleavage and final purification using size exclusion chromatography
Ub chain assembly reactions using K-only Ub mutants
Small-scale analysis of HECT E3 ligases with Ub K-only mutants were carried out in 20 µl reactions containing 0.1 µM E1, 2 µM UBE2L3, 11 µM AREL1 or 4 ! µM GST-NEDD4L (576-955), 50 µM of indicated Ub mutants and 10 mM ATP in ligation buffer (10 mM MgCl 2 , 40 mM Tris pH 8.5, 100 mM NaCl, 0.6 mM DTT and 10 % (v/v) glycerol). Reactions were incubated at 37 ºC for 60 min prior to being stopped with 4x LDS sample buffer (Invitrogen) and analyzed by SDS-PAGE, using 4-12% NuPAGE gradient gels (Invitrogen). Gels were stained using InstantBlue (Expedeon).
Substrate assembly reactions with AREL1
To investigate whether AREL1 is able to ubiquitinate inhibitors of apoptosis NuPAGE gradient gels (Invitrogen) and stained using InstantBlue (Expedeon).
K29 chain generation
Large-scale assembly reactions of K29-linked polyUb chains were performed overnight at 37 °C in a reaction volume of 1 ml consisting of 3 mM Ub, 1 µM 
K33 chain generation
Large-scale assemblies of K33-linked polyUb chains were performed in an analogous way to K29-linked chains. 36 µM AREL1 was used in an assembly reaction in buffer described for K29-chain assembly. The addition of 5 % (v/v) glycerol in the reaction buffer was important to prevent AREL1 precipitation during the reaction. Acid precipitation followed by linkage-specific DUB addition, removed other Ub linkages. Subsequent acid precipitation of the DUBs and cation exchange chromatography allowed the purification of K33linked chains. Peak fractions were dialyzed overnight against 50 mM Tris pH 7.4 prior to concentration (Amicon spin concentrators, 3 kDa molecular weight cut-off).
Ub chain composition mass spectrometry analysis
Ub chains were separated on a NuPAGE 4-12% gradient gel (Invitrogen) before in-gel digestion with trypsin and the addition of Ub AQUA peptide internal standards according to (Kirkpatrick et al., 2006) . Peptides were extracted from gel slices, lyophilized and stored at -80 °C. Tryptic peptides were resuspended in 30 µl of reconstitution buffer (7.5% ACN, 0.5% TFA, 0.01% H 2 O 2 ). Oxidation of peptides containing methionine residues was performed according to (Phu et al., 2010) . Two additional 2-fold dilutions for each sample were prepared in order to assess the linearity of detection. 10 µl of each sample was directly injected onto an EASY-Spray reverse-phase column (C18, 3 µm, 100 Å, 75 µm x 15 cm) using a Dionex UltiMate 3000
! HPLC system (Thermo Fisher Scientific). Peptides were eluted using a 25 min ACN gradient (2.5-35%) at a flow rate of 1.4 µl min -1 . Peptides were analyzed on a Q-Exactive mass spectrometer (Thermo Fisher Scientific) using parallel reaction monitoring (PRM), similar to (Tsuchiya et al., 2013) . For PRM assays, monoisotopic precursor masses were isolated (2 m/z window) and fragmented at predetermined chromatographic retention times. Precursor masses were fragmented using the following settings: resolution, 17,500; AGC target, 1E5; maximum injection time, 120 ms; normalized collision energy, 28. Raw files were searched and fragment ions quantified using Skyline version 2.5.0.6157© (MacLean et al., 2010) . Data generated from Skyline was exported into a Microsoft Excel spread sheet for further analysis according to (Kirkpatrick et al., 2006) .
Pull-down assays
Pull-down assays were generally performed as previously (Kulathu et al., 2009 of protein to reservoir solution containing 20% PEG 550 MME, 10% PEG 20K, 0.1 M MES/imidazole (pH 6.5), 0.12 M Na oxamate, 0.12 M NaF, 0.12 M Na citrate and 0.12 M Na/K-tartrate (racemic). Crystals appeared after two days and did not require cryo-protecting prior to vitrification.
Diffraction data were collected at Diamond Light Source beam lines I03 for K33-linked diUb and I24 for K33-linked triUb and K33-linked diUb:TRABID NZF1. Diffraction images were integrated using XDS (Kabsch, 2010) and scaled using AIMLESS (Evans and Murshudov, 2013) . Final statistics can be found in Table 1 . All structural figures were generated using Pymol (www.pymol.org).
!

Analysis of TRABID C443S localization
COS-7 cells were grown on coverslips to a confluence of approximately 70%.
24 h after transfection of GFP-ciTRABID constructs (250ng), cells were fixed with 4% paraformaldehyde and permeabilized with 0.1% (v/v) Triton X-100 in PBS and mounted using Vectashield mounting medium with DAPI (Vector Laboratories). Confocal images were taken using the Zeiss LSM 780 microscope. Images of at least 40 cells were analyzed using the Nikon NIS Elements software (Nikon Instruments). The data was plotted in Prism 6 (GraphPad Software) and because the data was not normally distributed, a Mann-Whitney test was performed to determine statistical significance.
